four new symmetric cyclotriphosphazenes 6a-d (6a and 6d with spirostructure) have been obtained by new synthetic pathways. These compounds present the particularity to have all their substituents linked to the cyclophosphazenic ring via a stable phosphorus-carbon bond. They could find applications as precursors of conductor materials.
INTRODUCTION
By comparison with cyclotriphosphazenes (CTP) with substituents bonded to phosphorus atoms by a P-O or a P-N bond 1, cyclotriphosphazenes with P-C bonds are less known. However, the latter are expected chemically and thermally more stable than the two first categories, as it is already known for polyphosphazenes. [2] [3] We have then tried to synthesize them in the hope to obtain a new class of material precursor. Indeed, cyclotriphosphazenes, thanks to their geometrical properties, could lead by coordination of heteroatoms with transition metal, to piled structures with potentially interesting electronical properties. We have thus developed synthetic methods which allow to get new types of such cyclotriphosphazenes : the first trispirocyclotriphosphazenes with substituents attached to the P3N3 ring by phosphorus-carbon bonds, the tris(2,2'-bipheny1-1,1'-ylene)CTP 6a and the corresponding tris(3,3'-bithienyl-2,2'-ylene)CTP 6d. Two new others cyclotriphosphazenes, with free rotating heterocyclic substituents linked to the phosphazene ring by P-C bonds have been also synthesized : the hexa-2-pyridylCTP 6b and the hexa-2-thienylCTP 6c (scheme 1).
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RESULTS AND DISCUSSION
In order to synthesize the cyclotriphosphazene 6a, we have developed two independent pathways (scheme 2 and 3).
In the first one, 6a is obtained in four steps : First, tetraphenylphosphonium bromide 1 reacts in presence of lithium diethylamide to give the compound 2 (9-phenyl-9-phosphafluorene). We could improve this pathway, already described in the literature 4
, by preparing the amide from n-butyllithium instead of phenyllithium, increasing thus the yield from 73% to 98%.
In the second step, the compound 2 is transformed into the phosphinic acid 3 5 (9hydroxy-9-oxo-phosphafluorene), via the cleavage of the P-C bond of the exocyclic phenyl group in presence of lithium.
Scheme 1
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In the next step, the synthesis of the unknown 9-trichloro-9-phosphafluorene 5, has been realized by the reaction of 3 with phosphorpentachloride, at high temperature.
This reaction, which gives a quantitative yield in the expected compound 5, probably proceeds via the intermediate formation of the 9-chloro-9-oxo-9-phosphafluorene 4. The last step has been performed by reacting 5 with two equivalents of ammonium chloride in refluxing chlorobenzene, affording thus the tris(2,2'-biphenyl-1,1'ylene)cyclotriphosphazene 6a (isolated yield : 11 %). 6 This compound constitutes the first trispirocyclotriphosphazene with substituents linked to the P3N3 ring by phosphorus-carbon bonds.
We have also obtained 6a with a slightly better yield by an other new synthetic pathway involving in the last step the condensation of the phosphinic amide 5' (9amino-9-oxo-9-phosphafluorene) in presence of the Appel reagent. Moreover, we have generalized this method to the synthesis of three other new cyclotriphosphazenes The method thus allowed the syntheses of four new cycloytiphosphazenes, some difficulties being however encountered in the last cyclisation step, mainly in the case of the rigid substituents (6a and 6d) which give lower yields. These problems come probably from the angular strain induced by the five member ring of the substituents.
Lastly, it is to notice that by developping this new pathway we have synthesized a lot of intermediates (3'-5') whose majority are also new compounds.
SUMMARY
We have developed two pathways allowing the synthesis of the first cyclotriphosphazenes with aryl or heteroaryl substituents linked to the P3N3 ring by stable P-C bonds. Moreover, two compounds have a spiro structure. Although these two a Formation with a yield of 65 % (scheme 1) . b Analytical and spectroscopic measurements (1H, 13C, 31P NMR spectra, mass spectra and elemental analyses) are fully consistent with the proposed structure for 6a, 6b, 6c and 6d. C Already described in the literature (yield 76 %) 8.
synthetic methods need to be improved, particularly by the optimisation of the last cyclisation step, the way is now opened for the synthesis of other cyclotriphosphazenes of this family, bearing various heteroaryl substituents. Further, complexation tests with transition metals will be soon realized and could lead to the synthesis of piled structures of cyclotriphosphazenes with potentially interesting conduction properties.
